The Cingulata Glyptodontidae (Xenarthra) are one of the most conspicuous Cenozoic herbivore clades in South America reaching North America during the Great American Biotic Interchange. The evidence of predation on these large armoured mammals is very scarce and limited to a Pliocene skull (Glyptotherium) in North America and some latest Pleistocene-early Holocene specimens in South America, with signals of human consumption. In this contribution, we present the first case of scavenging on a glyptodont belonging to cf. Eosclerocalyptus lineatus (Hoplophorini) from the Pliocene of the Pampean region (Argentina). In addition, we analyze the potential scavengers and the paleoenvironmental context in which this occurred. The evidence suggests that: a) the carcass was covered by a shallow water body, probably an abandoned channel; b) the carcass was completely covered during a brief lapse of time, probably less than a year; c) the morphology of the bite marks clearly coincide with the dentition of the procyonid Chapalmalania (Mammalia, Procyonidae), thus corroborating some presumptions about the paleoautoecological trends of this taxon.
INTRODUCTION
In this contribution, the first record of scavenging over a glyptodont (Mammalia, Xenarthra, Glyptodontidae) is presented and described. According to the morphological evidence, the material corresponds to the Hoplophorini cf. Eosclerocalyptus lineatus. In addition, we discuss the paleoenvironmental context in which this occurred and the scavenger probably implicated.
During most of the Cenozoic, placental carnivores were absent from South America. The ecological niche of carnivorous and/or scavengers was occupied during most of the Tertiary by several groups, mainly marsupial mammals (Goin, 1995; Forasiepi et al., 2004 Forasiepi et al., , 2007 , fororracid and teratornitid birds (e.g., Argentavis magnificens; Palmqvist and Vizcaíno, 2003) , and cebecid crocodiles (Bona, personal commun.) . Among marsupials, the Sparassodonta clade shows clear adaptation to carnivory, especially evident in its dentition (Goin, 1995; Forasiepi et al., 2004) . From a biostratigraphic point of view, the first record of the clade corresponds to the Paleocene, while the last record is from the Late Pliocene (Chapadmalalan) (Forasiepi et al., 2009) .
Placental carnivores, as well as many other clades of holarctic mammals, arrived in South America during the Great American Biotic Interchange (GABI) (Marshall et al., 1984; Woodburne et al., 2006; Woodburne, 2010) . The first record (Late Miocene, Huayquerian) corresponds to Cyonasua (Carnivora, Procyonidae) (Soibelzon and Prevosti, 2012; Soibelzon, 2011) . In fact, from their first record and until the Late Pleistocene (Lujanian), procyonids were represented only by two genera: Chapalmalania and Cyonasua (Soibelzon, 2007 (Soibelzon, , 2011 .
The second arrival of placental carnivores took place during the Late Pliocene (Vorohuean), when the families Canidae and Mustelidae are first recorded. Finally, the carnivore guild was completed during the Early Pleistocene (Ensenadan) with the record of Felidae, Mephitidae and Ursidae (Soibelzon and Prevosti, 2012) .
On the other hand, one of the most conspicuous endemic clades from South America were the glyptodonts (Xenarthra, Glyptodontidae; Late Eocene-Early Holocene; see Mc Kenna and Bell, 1997) , a large group of large-sized armored herbivores, in which some terminal Pleistocene taxa reached more than one ton (Alexander et al., 1999) . It is evident that the carnivore guild must have preyed on these armored herbivores, but until now the evidence was elusive.
In South America, evidence of predation over glyptodonts is limited to some specimens showing signs of human consumption, during latest Pleistocene-early Holocene (ca. 12-7 ka). Until now, the data are limited to the current territory of Buenos Aires province, Argentina (see Politis et al., 2003; Gutiérrez and Martínez, 2007 and the references therein). Those records correspond mainly to some specimens belonging to the large Glyptodontidae Doedicurus clavicaudatus (Gutierrez and Martínez, 2007) .
Thus, there is no evidence of a glyptodont consumed (scavenged or predated) by carnivores in South America until now. The only previous record is represented by a juvenile specimen of Glyptotherium (Glyptodontinae) (F: AM 95737), coming from the late Pliocene of southern USA, in which it is possible to observe the existence of two evident marks in the dorsal area of the skull, certainly produced by a large carnivore (Gillette and Ray, 1981) .
MATERIAL AND METHODS
The biostratigraphic scheme corresponds to that of Tonni (1999, 2005) , whereas the anatomical terminology is based on the contributions of Gillette and Ray (1981) and Zurita (2007) . The systematics partially follows Paula Couto (1979) , McKenna and Bell (1997) and Fernicola (2008) . The terminology used to describe the marks on bones is that of Binford (1981) . The dimensions of the tooth marks on the piece Xen-30-12 were obtained from a picture taken with a stereoscopic microscope and then measured using the Homies 2006 V2.1 software Hokenn optik Digital.
The marks over the glyptodont bone were compared with one of the only two known skulls of Chapalmalania MLP 54-V-17-1 (holotype of Chapalmalania altifrontis) and MMP-1121-M. 
RESULTS
Stratigraphic and geographic context. The sediments where Xen-30 was exhumed are located in the intermountain Neogene strata (36°59'8.37" S 60°13'40.52" W), belonging to the "Sistema de Tandilia" (Nágera, 1940) , near the city of Olavarría, Buenos Aires province, Argentina (Figure 1 ). The bearing level is included in the "Calera Facies" of the El Polvorín Formation (Poiré et al., 2005 (Poiré et al., , 2007 . This geological unit overlaps in discordance to the Loma Negra Formation (Borrelo, 1966) of the Sierras Bayas Group (Dalla Salda and Iñiguez, 1970; Poiré, 1993) , and it is covered by the "La Esperanza" Formation (Poiré, 2009) .
The "Calera Facies" is composed of lentiform sandstone bodies and massive mudstones with scarce, fine, conglomerate levels. On the other hand, four lenticular sandstone bodies were recognized in the north side of the "Calera Avellaneda" quarry, where the material was exhumed ( Figure  2 ). From the base to the top, these bodies are characterized as follows: Body (A): it reaches up to 6 m thickness and has a maximum width of 30 m. This level is composed of pink-brownish (dry 7.5YR7/4, humid 7.5YR4/4) well-sorted, silty-sandstone, showing small-scale (0.20 m x 0.50 m average) trough cross-bedding, and bearing a high-frequency vertebrate fossil occurrence. To the top, an isolated, 0-1 m thick, mammelonar calcrete level was recognized. Body (B): it is visible up to 5 m thickness and is more than 100 m wide (limit not visible), composed of silty-sandstone as Body (A) but with mediumscale (0.2 m x 0.5 m average) trough cross-bedding, which changes laterally to massive pelites with soil prismatic-texture, manganese-infilled cuttans and bioturbation in galleries of simple tunnels. The glyptodont Xen-30 comes from this level. Body (C): it consists of a single lentiform megabed (4 m thickness and 60 m wide), conformed by a 0.1m thick mammeliform carbonate basal level, followed by yellow to pink-brownish (dry 7.5 YR 8/2, humid 10 YR 5/4) fine-grained quarz silt deposits presenting laminar structure. At the top, some restricted lenses (0.05 m thick and 0.8 m wide) of whitish tuff were distinguished. Body (D): red-brownish, massive clay with prismatic-texture with abundant motes of manganese and scarce mammeliform, discontinued, calcrete levels. Remarks. The age of this sedimentary sequence ("Cantera Avellaneda") is still poorly known (Prado et al., 1998) . Recently, based on the presence of the rodent Phugatherium novum (Hydrochaeridae), Deschamps et al. (2012) suggested that this sequence should be correlated with the Chapadmalal Formation (Chapadmalalan Age/Stage). In addition to the specimen Xen-30, the following taxa were exhumed from Body B: Microtragulus reigi (Argyrolagidae), Phugatherium novum, Promacrauchenia (Machraucheniidae), Eumysops (Echimiydae), Cricetidae indet., Paedotherium cf. typicum (Hegetotheriidae), and Lama (Camelidae). This paleofaunistic assemblage is characteristic of the late Pliocene and, from a biostratigraphic point of view, could be more recent than the Chapadmalalan Age.
From a paleoenvironmental perspective, this sandstone-body is interpreted as the result of the development of a fluvial system of low competence (sandy), which has left deposited channel facies, abandoned channels and floodplains, including the development of typical plain water bodies (Schumm, 1977; Miall, 1996) . The calcretes, the prismatic texture, the cuttans and the bioturbation in galleries are clear evidences of a paedogenesis development under a semiarid paleoenvironment, as suggested by the incipient formation of B-calcic horizons, typical of these climates (Alonso-Zarza, 2003) .
The fine-grained facies of Body B, where the specimen Xen-30 remains were exhumed, are possible to be interpreted as a decantation deposit included in a shallow water body located in an abandoned channel, which was then completely edaphized.
SYSTEMATIC PALEONTOLOGY
Order CINGULATA Illiger, 1811 Superfamily GLYPTODONTOIDEA Gray, 1869 Subfamily "HOPLOPHORINAE" Huxley, 1864 Tribe (Ameghino, 1888) Referred material. Xen-30: dorsal carapace, zeugopod, anterior autopod (articulated), scapula, articulated atlas, axis vertebrae, incomplete synsacrum, part of the cephalic armor, right hemimandible, fragments of ribs, anterior fused vertebrae, posterior fused vertebrae (Figure 3) . Description.The dorsal carapace is 130 cm long and 140 cm along the dorsal circumference. The osteoderms that compose the carapace show the typical "rosette" pattern of the Gyptodontidae Hoplophorini. There is a central figure surrounded by one row of peripheral figures (see Zurita, 2007) . Like in Eosclerocalyptus lineatus, the exposed surface of the osteoderms is clearly rough, even more evident than that observed in the other recognized species of Eosclerocalyptus: E. tapinocephalus and E. proximus. In lateral view, it is possible to observe the existence of 38 transversal rows of osteoderms, like in E. lineatus. The dorsal profile is clearly convex, like in E. tapinocephalus, E. proximus and E. lineatus, and different from the genus Neosclerocalyptus, in which the dorsal profile is almost completely straight (see Zurita et al., 2009 Zurita et al., , 2011 . Taphonomy and environment. The evidence shows that, at the time that Xen-30 was buried, the dorsal carapace was lying on its left side ( Figure  4 .1). As a consequence of this, the ventral opening of the carapace was laterally oriented. Remarkably, the hemimandible, ribs and vertebrae were found outside the dorsal carapace, lying next to the abdominal opening. The other skeletal remains were located within the dorsal carapace.
Bite marks were observed over the neural apophysis of the medium region of the vertebral column. These elements are merged into a single piece articulating above the synsacrum as in every glyptodont (see Gillette and Ray, 1981) . This section was found within the carapace, but abnormally located behind the synsacrum (Figure 3) .
The sediments that filled the carapace are massive although three laminated levels were identified. Carbonates were also observed forming crusts and dolls, but of post depositional formation. The massive levels filled almost all the space inside the carapace, except in those parts where they were interrupted by laminated levels. The most conspicuous laminated level is 5 cm thick and is located toward the top of the carapace; the next one is 2 cm thick and is situated below the right pubic ski; finally, the last one is located at the level of the medium line of the synsacrum.
According to the position of the Xen-30 skeletal elements, as well as the sedimentary structures observed within the carapace, it is possible to hypothesize that at least four different events bur- ied the carapace (Figure 4.1-4) . The first occurred when the carapace, lying on its left side, suffered a differential entry of sediments that tilted it and filled approximately 40% of its volume (Figure 4.1) . This situation can be inferred from the orientation of the laminated levels as well as the final position of the highest part of the skeletal elements. The next episode (Figure 4 .2) filled about 65% of the carapace's volume, covering the skeletal parts that were lying over the laminated sediment first deposited. The only two anatomical elements (hemimandible and thoracic vertebrae) that were found outside the carapace were observed on the top of this last event. The third episode (Figure 4. 3) filled 80% of the carapace and produced the most conspicuous laminated level. Finally, the carapace was completely covered during the last episode ( Figure  4 .4).
The disposition of the conserved skeletal elements allows us to infer that they did not suffer a major dispersion respect to their original anatomical position. All preserved remains present a state of weathering 0 of Behrensmeyer (1978) , including those that were found outside the dorsal carapace.
Interestingly, Xen-30-12 shows the lack of a semilunar bone section of the neural apophysis (from middle section of the vertebral column) that reaches 30 mm in diameter. In addition, towards the anterior area of Xen-30-12, immediately below the missed portion, it is possible to observe some small pits and furrows ( FIGURE 5. Posterior fused vertebrae of Eosclerocalyptus cf. E. lineatus ) with a detail of the pits and furrows observed on the neural apophysis. (Binford, 1981) . Almost all the marks have a shape with predominance of a major axis, where one of the ends is open (neural edge of the apophysis) and the other has a rounded shape (similar to the crown of an incisor). The larger axes of these marks are posteriorly orientated with respect to the sagittal axis. These characteristics, including the size of the missing bone, number and size of the pits and furrows, and the distance between each other, allow us to suggest that they correspond to a single bite. In this scenario, the six marks in one of the lateral areas, and the missing bone may correspond to the six upper incisors and to the canine of a middle-sized eutherian carnivore (Table 2) (Figure 6 ). Figure 6 ) on Xen 30-12. Measurements B and C were taken between the crown apices of selected teeth, measurements D were taken between the centers of adjacent marks. 
DISCUSSION
During the Chapadmalalan-Barrancalobian lapse (Pliocene ca. 3.5-2.9 Ma), the only known placental carnivores were procyonids. In this context, Cyonasua and Chapalmalania represent two different ecological types; they present very different body sizes and great morphological differences at the skull and dentition (Soibelzon and Prevosti, 2012) . Thus, the species of the genus Cyonasua are small to middle sized (body mass ~3 to ~10 Kg), having a relatively elongated skull compared with that of Chapalmalania; their dentition is bunodont, but showing a greater development of the cutting edges than those seen in Chapalmalania. In this respect, Cyonasua is more likely a raccoon (Procyon). On the other hand, Chapalmalania, due to its larger size (~25 to ~30 kg) and dentition, has been compared with bears by several authors (e.g., Kraglievich and de Olazabal, 1959; Bond, 1986; Berman, 1994) . In this sense, Berman (1994) suggested that Chapalmalania could be seen as a scavenger.
From our point of view, Chapalmalania is more similar to a hyena than to a bear, since the skull is low, with a well-developed sagittal crest, the zygomatic arches are well separated from the skull, the palatal surface is wide, P1 to P3 present only one tall conic and strong cusp (paracone) and a wide subelliptical crown. Furthermore, the ascending ramus of the mandible is high, short and broad, whereas the premolars also have a principal conic and high cusp (protoconid), and the m1 lacks sharp facets. Finally, hyenas and bears as well as Chapalmalania show a relatively short face. In consequence, we propose that Chapalmalania occupied an omnivorous niche, but having a great aptitude for the consumption of carcasses, especially bones.
Recent studies on marks produced by fossil carnivores over bones based their results mainly on statistical analyses (Selvaggio and Wilder, 2001; Domínguez-Rodrigo and Piqueras, 2003; Delaney-Rivera et al., 2009; Dominato et al., 2011; Saladie et al., 2011) . Even so, the taxonomic assignations for the potential agents are generally inaccurate since it is only possible to correlate some marks with the size of the potential carnivore. However, the set of marks and bites described here show a noticeable morphological coincidence with the complete dentition of the specimen MLP 54-V-17-1 (holotype of Chapalmalania altifrontis) and MMP-1121-M (Figures 7) . An important feature that we observed to taxonomically identify the marks found in the neural apophyses was the distance between each pit and furrow (see Table 2 ). In this sense, the measurements of the only two known skulls of C. altifrontis (MLP 54-V-17-1 and MMP-1121-M) show a noticeable similarity in size with those observed in the specimen of Eosclerocalyptus cf. E. lineatus.
Therefore, the morphological evidence suggests that C. altifrontis would have consumed carcasses like those described here.
The glyptodont here described was available to be consumed during a long time before the marks under discussion were made (as it could be inferred from the taphonomic and sedimentological study, see above). Therefore, the carcass was not meaty at this time and only some soft tissues remained attached to the bone. In our view, the marks were produced by the scavenger incisors while it pulled the soft tissues, as usually done by bears and hyenas consuming a carcass. We disbelieve that the scavenger was trying to consume the fused vertebras; on the contrary, the marks resulted from the procurement of soft tissues attached to this bone. In this sense, we should consider that the laminar bone at the neural apophyses is very thin and thus susceptible to be easily marked.
Another carnivore present during the Pliocene of the Pampean region was Ahlysictis lelongi (Metatheria, Thylacosmilidae). This marsupial shows a clear adaptation to a hypercarnivore diet: hypertrophy of canines very posteriorly implanted in the skull, reduction in the number of incisive and significant reduction in molar cusps, leaving only the sharp ones (Goin and Pascual, 1989) . A. lelongi has morphological features that are not congruent with the marks observed in Xen 30-12, especially when comparing the number and size of incisives with those observed in the marks (Table 1 and 2). Also, due to its hypercarnivore adaptation (see Goin, 1995) , it seems unlikely that this species usually consumed carcasses with little soft tissue, as in the case of the glyptodont studied here.
On the other hand, there was no other potential carnivore in South America during the Pliocene that could be responsible for the marks observed.
CONCLUSIONS
Specimen Xen-30 corresponds to the Glyptodontidae Eosclerocalyptus cf. E. lineatus, which in addition represents the most complete Glyptodontidae for the Chapadmalalan-Marplatan lapse (Pliocene-earliest Pleistocene) in South America. The depositional environment in which cf. E. lineatus was found is interpreted in this contribution as a FIGURE 7. Two different views of a combined image of the rostrum of Chapalmalania altifrontis (54-V-17-1) "biting" the posterior vertebrae of Eosclerocalyptus cf. E. lineatus showing the precise match between the dentition of Ch. altifrontis and the marks on the vertebrae. Scale bar equals 10 mm. shallow water body (i.e., an abandoned channel), where the carcass was covered and filled with sediments during, at least, four episodes (see above).
Approximately 30% of the anatomical parts of the carcass were found, without signals of considerable dispersion from their original anatomical position (except the piece Xen-30-12, which was located behind the synsacrum). The articulation of the left anterior stylopod and autopod, and the axis and atlas vertebrae, as well as the 0 state of weathering, are factors that reinforce the hypothesis of a relatively rapid burial, probably less than a year. In this lapse, the carcass still preserved soft tissues, tendons, and cartilage, including leather part (Behrensmeyer, 1978) .
Due to the presence of bite marks in the material Xen-30-12, it is highly possible that the carcass was consumed by a carnivorous-scavenger taxon. While Delaney-Rivera et al. (2009) suggest that only a limited number of inferences can be observed in that concerning the size and taxonomic identification taking into account the dimensions of the tooth marks, our observations clearly suggest that the piece Xen-30-12 may correspond to a single bit event, probably produced by Chapalmalalania (Figure 8 ).
